This paper proposes the combination of two different domains; the environment and agriculture. Emission of sulfur oxides and nitrogen oxides is associated with global acidification (e.g. acid rain), and it has become a serious environmental problem. Meanwhile, the amount of fertilizer consumed globally in 1996 was over 6 times that consumed in 1 960. Electron beam flue gas treatment (a dry process) can simultaneously convert sulfur dioxide, sulfur trioxide and nitrogen oxides into nitrogen fertilizer. This process has been considered costly. An electron beam industrial plant has been built and is currently operating. The data delivered from this industrial plant proves that economic performance of the electron beam process is about the same as that of the conventional wet limestone process. Introduction Agriculture is a factor of particular significance, being basic to human survival and also important in sustaining global environmental stability. Reducing air pollution and increasing agricultural productivity are considered desirable. There are some large producers of fertilizer such as Kemira and Norsk Hydro in Scandinavia. That is, the basis of the fertilizer industry has already been formed. Therefore, the transformation of air pollutants such as sulfur oxides and nitrogen oxides into N-fertilizer might be advantageous for both polluters and fertilizer producers. The historical trend of fertilizer consumed globally is shown in figure I [IFDC  1998 ].
Introduction
Agriculture is a factor of particular significance, being basic to human survival and also important in sustaining global environmental stability. Reducing air pollution and increasing agricultural productivity are considered desirable. There are some large producers of fertilizer such as Kemira and Norsk Hydro in Scandinavia. That is, the basis of the fertilizer industry has already been formed. Therefore, the transformation of air pollutants such as sulfur oxides and nitrogen oxides into N-fertilizer might be advantageous for both polluters and fertilizer producers. The historical trend of fertilizer consumed globally is shown in figure I [IFDC 1998 ]. 
Principle mechanism of electron beam process and industrial plants of this type
Electron beam processing simultaneously removes SO2, SO 3 and NOx, and transforms them into N-fertilizer without generating wastewater. The schematic process flow of electron beam processing for flue gas treatment is illustrated in figure 2. The flue gas emitted from an incineration plant which burns fossil fuel is cooled in a spray cooler, and the fine mists of water supplied from the cooler's spray nozzles are totally evaporated by the heat of the flue gas. Prior to input to a process vessel, the flue gas is injected with gaseous ammonia.
Fig.2. Schematic process flow of electron beam processing
In the vessel, the flue gas is irradiated by electron beams, causing free radicals to be generated. The formed by-products are typical N-fertilizers. Before the flue gas is discharged from a stack to the atmosphere, it is fed to a by-product collector (e.g. electrostatic precipitator) where the particulate fertilizers are removed from the flue gas. An electron beam plant for flue gas treatment with a 300,000-Nm 3 /h capacity has been operating on the site of Chengdu coal-fired thermal power station in the city of Szechwan (China) since September 1997. The construction project was carried out jointly by the National Planning Committee of China, the Electric Power Department of China, Szechwan Power Industry Bureau, and Ebara Corporation. The gas conditions in the E-beam plant inlet are as follows: 150t° C temperature, 8% H2O, 10% CO2, 12% 02, 1800 ppm SOx, 400 ppm NOx, and 800 mg/m 3 dust. The electron beam plant hourly consumes 1800 kWh power, 625 kg ammonia, 2 tons steam (as a heat source), and 22 tons industrial water. Using the above mentioned utilities under the inlet conditions, the following output is obtained: 80% DeSOx efficiency -the inlet concentration of SOx varies widely (from 800 ppm to 1,700 ppm), but the measured DeSOx efficiency is almost constant and is as high as 82-88%, which meets the project target of 80%; I 0% DeNOx efficiency -high efficiency is not required for this project; Adding updated data, the fi gur e showing capital cost which was presented at the above mentioned symposium can be rewritten as shown in figure 3. The costs for "real electron beam" and "real SNOx" in figure 3 represent the data delivered from actual industrial plants and the costs for "electron beam" and "SNOx" represent the data reported at the SO2 control symposium. Table 2 shows removal performance where energy consumption of an electron beam unit is lower than that of a wet limestone FGD unit, and it is seen that 3 different air pollutants can be treated effectively by the electron beam process with comparatively lower power consumption. When this power consumption is increased, the removal efficiency of each pollutant also increases in the electron beam process. The electron beam process is considered advantageous in terms of cost performance and effective air pollution control (removal of SO2• SO 3 and NOx), but it has not been widely adopted. The reason for this can be considered as follows: the wet limestone process is now a mainstay FGD method, and there is no collaboration between the energy sector (polluter) and the agricultural sector (by-product consumer). As there is mainly only one type of FGD in use, well-balanced use of FGD may be desirable. The fertilizer industries have a central role to play in developing productive agricultural practices, and the utilization of air pollutants in agriculture will lead to global scale recycling. The linking of these two sectors by electron beam processing will be useful in realizing global recycling.
